Introduction
============

Adrenal insufficiency (AI) is a disease caused by either primary adrenal failure (Addison's disease, over 90% due to autoimmune adrenalitis) ([@bib1]) or by hypothalamic--pituitary impairment of the corticotropic axis alone or in combination with other anteropituitary hormone deficiency (CPHD) ([@bib2]). This rare condition needs chronic glucocorticoid and, sometimes, mineralocorticoid administration. Despite replacement therapy, AI is characterized by high mortality rate compared to general population ([@bib3]) and by an increased risk of comorbidity, especially cardiovascular diseases, obesity and glycometabolic alteration ([@bib4], [@bib5], [@bib6], [@bib7]).

A 2013 consensus statement recommended administering as replacement therapy a daily hydrocortisone dose of 15--25 mg ([@bib8]). The conventional treatment involves a double or triple administration of glucocorticoid, thus causing a supraphysiological cortisol exposition. Recently, a new once-daily dual-release hydrocortisone formulation has been developed to improve pharmacokinetic and pharmacodynamic profiles as well as patient compliance ([@bib9]).

The aim of the present study was to evaluate the effects of dual-release hydrocortisone treatment on the glycometabolic and lipid profiles of patients with primary or central AI. Another aim was to evaluate health-related quality of life of these subjects, assessed by self-administered questionnaire.

Subjects and methods
====================

Since the prescription of dual-release hydrocortisone has been approved by the Italian drug agency, the ethical committee approval was not required. Anyhow, each patient who participated in this study was asked to sign a written informed consent. Different from previous studies, we included not only patients with known primary and secondary AI, but also newly diagnosed patients. The presence of severe comorbidities was instead considered an exclusion criterion. We enrolled nineteen patients who were divided into two groups: ten patients with primary AI (6 men and 4 women, mean age 41 ± 2.67 years) ([Table 1](#tbl1){ref-type="table"}) and 9 patients with AI secondary to hypopituitarism (6 men, 3 women, mean age 53.2 ± 17.7 years) ([Table 2](#tbl2){ref-type="table"}). Table 1Biographical and clinical data of patients with primary adrenal insufficiency.Case no.SexAge (years)EtiologyComorbiditiesPrevious treatmentLength of treatment (months)1M23Congenital adrenal hyperplasiaTesticular adrenal tumor rest, obesity, insulin resistance, hyper-trygliceridemia, blood hypertensionHydrocortisone 30 mg/day202M35Autoimmune adrenalitisNonePrednisone 15 mg/day323F56Autoimmune adrenalitisChronic autoimmune thyroiditis, premature ovarian failure (POF), vitamin D deficiency, empty sella syndrome, obesity, diabetes mellitusCortisone acetate 37.5 mg/day214M20Congenital adrenal hyperplasiaTesticular adrenal tumor rest, obesityHydrocortisone 35 mg/day225F39Autoimmune adrenalitisVitiligo, non-secreting pituitary adenoma, vitamin D deficiency, chronic autoimmune thyroiditis, overweightCortisone acetate 50 mg/day306M59Bilateral surrenectomyHypogonadism, overweightHydrocortisone 40 mg/day327M20Autoimmune adrenalitisVitiligoHydrocortisone 32.5 mg/day318F69Autoimmune adrenalitisHypertensive cardiopathy, gastroesophageal reflux, chronic atrophic gastritis, IgG-lambda paraproteinemiaCortisone acetate 25 mg/day139M50Autoimmune adrenalitisβ-thalassemia, hypogonadismNone1110F39Autoimmune adrenalitisVitiligo, chronic autoimmune thyroiditisNone7 Table 2Biographical and clinical data of patients with central adrenal insufficiency.Case no.SexAge (years)EtiologyOther hormonal deficiencies and/or comorbiditiesPrevious glucocorticoid treatmentOther hormonal treatmentLength of treatment (months)1F49HypopituitarismGH deficiency, Hypothyroidism, hypogonadism, diabetes mellitus, obesityCortisone acetate 62.5 mg/dayLT4 100 µg/dayDrop out2F43HypopituitarismHypothyroidism, hypogonadism, obesityCortisone acetate 37.5 mg/dayLT4 112.5 µg/dayEstradiol valerate 2 mg for 21 days a monthMedroxyprogesterone acetate 10 mg for 10 days a month133M69HypopituitarismGH deficiency, hypothyroidism, hypogonadism, blood hypertension, overweightCortisone acetate 37.5 mg/dayLT4 75 µg/dayTestosterone enanthate 250 mg every 5 weeks254M60HypopituitarismGH deficiency, hypothyroidism, hypogonadism, diabetes mellitus, ankylosing spondylitisNoneLT4 53.6 µg/dayTestosterone gel 40 mg/die275M44HypopituitarismHypothyroidism, hypogonadism, diabetes insipidus, obesityCortisone acetate 62.5 mg/dayLT4 150 µg/dayTestosterone enanthate 250 mg every 18 daysDesmopressin acetate 300 mg/day186M46HypopituitarismGH deficiency, hypothyroidism, hypogonadism, diabetes mellitus, obesityCortisone acetate 31.25 mg/dayLT4 25 µg/daySomatotropin 0.3 mg every other dayTestosterone enanthate 250 mg every 4 weeks167M61HypopituitarismGH deficiency, hypothyroidism, hypogonadism, diabetes mellitus, obesityDexamethasone 1 mg/dayLT4 50 µg/daytestosterone enanthate 250 mg every 4 weeks218M62Hypopituitarism, Empty sellaHypothyroidism, hypogonadism, overweightNoneLT4 50 µg/dayTestosterone enanthate 250 mg every 4 weeks229F45HypopituitarismHypothyroidism, hypogonadism, obesityNoneLT4 75 µg/die7

Among these patients, 14 were already on glucocorticoid replacement therapy, while five (two patients with primary AI and three with hypopituitarism) were naïve, as with newly diagnosed disease ([Tables 1](#tbl1){ref-type="table"} and [2](#tbl2){ref-type="table"}). Hypopituitary patients were under replacement therapy according to the other hormonal axes deficiency ([Table 2](#tbl2){ref-type="table"}). Three of the enrolled patients (one of the group with primary AI and four with hypopituitarism) had diabetes mellitus, but only one of them (with hypopituitarism) needed insulin therapy. [Tables 1](#tbl1){ref-type="table"} and [2](#tbl2){ref-type="table"} summarize the characteristics of the patients enrolled, their comorbidities, previous therapies and the duration of treatment with dual-release hydrocortisone (up to October 2017).

At the moment of the switch, we administered an equivalent dose of dual-release hydrocortisone for the patients who were under replacement therapy, except for three of them, for whom the equivalent dosage was found to be greater than 40 mg/day (maximum dose studied to date) ([Table 3](#tbl3){ref-type="table"}). In these 3 cases, the dosage of 40 mg/day was prescribed. Treatment-naïve patients were given 20 mg/day of dual-release hydrocortisone. Each patient received a written document containing instructions for treatment in special or emergency situations. These included major surgery, shock, serious injury, burns, myocardial infarction, minor surgeries (including dental), vomiting and/or diarrhea that lasted for more than a day, high temperature (\>38°C) lasting for more days, moderately stressful procedures (bronchoscopy, endoscopy, barium enema, biopsy under local anesthesia), intense physical and mental stress, intense physical activity and prolonged with sweating (marathons, basketball games or football, mountain hiking, rides cycling, etc.). Finally, each patient was given a card as suggested by the Endocrine Society ([@bib10]), which identified them as affected by adrenal insufficiency. Table 3Previous treatment, equivalent dosage of hydrocortisone dual-release and its current dosage administered.Case no.Previous treatment (dosage)Equivalent hydrocortisone dosage (mg/day)Total dosage prescribed (mg/day)Current dosage (mg/day)1Hydrocortisone (30 mg/day)3030252Prednisone (15 mg/day)6040353Cortisone acetate (37.5 mg/day)3030304Hydrocortisone (35 mg/day)3535355Cortisone acetate (50 mg/day)4040306Hydrocortisone (40 mg/day)4040357Hydrocortisone (32.5 mg/day)32.530308Cortisone acetate (25 mg/day)2020209NoneNone202010NoneNone202011Cortisone acetate (62.5 mg/day)5040Drop out12Cortisone acetate (37.5 mg/day)30302513Cortisone acetate (37.5 mg/day)30301514NoneNone202015Cortisone acetate (62.5 mg/day)50404016Cortisone acetate (31.25 mg/day)25252017Dexamethasone (1 mg/day)30302018NoneNone202019NoneNone2020Mean ± [s.e.m.]{.smallcaps}30.0 ± 7.124.71 ± 5.82

Each patient was monitored before being prescribed hydrocortisone dual-release and after 3, 6, 9 and 12 months. The following parameters were evaluated: weight, body mass index (BMI), fasting glucose, insulin (except in the subject into insulin treatment), glycated hemoglobin (HbA1c), total cholesterol, high-density lipoprotein (HDL) and triglycerides. We calculated the homeostasis model assessment (HOMA) index for evaluation of insulin resistance and low density lipoprotein (LDL) to complete the framework for the lipid profile. With the aim of monitoring the therapy and allow appropriate dose adjustments, each patient was asked to collect 24-h urine for the measurement of the urinary free cortisol (UFC). Serum ACTH assessment was required only in patients with primary AI. The blood samples were taken at 8:00 h and before the dual-release hydrocortisone was taken.

The evaluation of subjective well-being and health-related quality of life was evaluated by administering the AddiQol questionnaire at each visit. It consists of 30 questions divided into the four different domains: 8 questions exploring fatigue (items 1, 2, 3, 4, 5, 23, 26, 27); 8 questions the emotional sphere (items 11, 12, 13, 14, 15, 24, 25, 30); 9 questions AI symptoms (items 6, 9, 16, 17, 18, 19, 20, 21, 22) and 5 miscellaneous questions, which explore sleep (items 7, 8), sexuality (item 10) and the impact of intercurrent diseases (items 28, 29).

Statistical analysis
--------------------

The results are reported as mean ± [s.e.m.]{.smallcaps} Statistical analysis of the data was performed using Student's *t* test. The results with a *P* value less than 0.05 were considered statistically significant.

Results
=======

A female patient with hypopituitarism dropped out from the study for personal reasons; she was among the patients who were prescribed 40 mg/day of dual-release hydrocortisone, although the calculated equivalent dosage was 50 mg/day ([Table 3](#tbl3){ref-type="table"}, patient 11). As far as the other patients, 15 of them (8 with primary AI and 7 with hypopituitarism) are under treatment for more than 12 months with hydrocortisone dual-release. Overall, the mean length of treatment is 20.4 ± 1.91 months (range 1--32 months) (up to October 2017) ([Tables 1](#tbl1){ref-type="table"} and [2](#tbl2){ref-type="table"}).

Patients who were previously treated with synthetic glucocorticoids (prednisone and dexamethasone) did not complain of any symptoms during the therapy switch.

At enrollment, patients with primary AI had lower BMI compared to those with hypopituitarism, but the difference did not reach the statistical significance. After 12 months of treatment, BMI did not change significantly in both groups of patients compared to their basal values ([Fig. 1](#fig1){ref-type="fig"}). Figure 1Body mass index in patients with primary adrenal insufficiency (AI) or hypopituitarism before and after 12 months of treatment with hydrocortisone dual-release.

No significant change was observed in blood fasting glucose, serum insulin levels and HOMA index after 12 months of treatment with dual-release hydrocortisone compared to basal values in both groups of patients. On the other hand, HbA1c decreased in a statistically significant manner (*P* \< 0.05) after 12 months of treatment in patients with primary AI, whereas no statistically significant difference was found in hypopituitary patients ([Fig. 2](#fig2){ref-type="fig"}). Figure 2Fasting glucose, serum insulin levels, HOMA index and HbA1c levels in patients with primary adrenal insufficiency (AI) or hypopituitarism before and after 12 months of treatment with hydrocortisone dual-release.

We evaluated separately blood glucose and HbA1c values of the 5 diabetic patients. To date (October 2017), among these, one dropped out the study, the other 4 have exceeded 12 months of treatment with dual-release hydrocortisone. During these months, no significant changes in glycometabolic control, insulin and/or oral hypoglycemic agents daily dosage occurred.

No significant change was observed in plasma levels of total cholesterol, LDL, HDL and triglycerides after 12 months of treatment with dual-release hydrocortisone compared to basal values in both groups of patients ([Fig. 3](#fig3){ref-type="fig"}). Interestingly, mean triglyceride values were lower in patients with primary AI after 12 month of therapy, whereas it was higher in hypopituitarism patients. This resulted in a statistically significant difference in plasma triglyceride values between the two groups of patients (*P* \< 0.05) ([Fig. 3](#fig3){ref-type="fig"}). Figure 3Total cholesterol, HDL, LDL and triglycerides levels in patients with primary adrenal insufficiency (AI) or hypopituitarism before and after 12 months of treatment with hydrocortisone dual-release. Mean triglyceride value was lower in patients with primary AI after 12 months of therapy, whereas it was higher in the group of patients with hypopituitarism. This resulted in a statistically significant difference in plasma triglyceride values between the two groups of patients (*P* \< 0.05).

The ACTH values, analyzed only in patients with primary disease, also appeared lower than the baseline value, but the difference did not reach the statistical significance. The serum levels of 17α-hydroxyprogesterone did not differ significantly from baseline after dual-release hydrocortisone treatment in the two patients with congenital adrenal hyperplasia.

As for the evaluation of the subjective well-being, nine patients reported discomfort and fatigue before starting treatment with dual-release hydrocortisone. All patients, even those who had not complained about relevant disturbances, reported an improvement of their well-being compared to that they had before the initiation of the treatment with dual-release hydrocortisone. This improvement was already evident after three months of treatment. Accordingly, the scores obtained by filling out the AddiQol questionnaire showed a condition of well-being, which was maintained over time even after 12 months of treatment ([Fig. 4](#fig4){ref-type="fig"}). Figure 4AddiQol fatigue domain results.

No patient reported side effects or intercurrent diseases, and the therapy compliance was optimal for all of them.

Finally, it is interesting to highlight that considering all the patients enrolled in the study, over the months, there was a statistically significant decrease (*P* \< 0.05) of the mean dosage of glucocorticoid required ([Table 3](#tbl3){ref-type="table"}). Dose adjustment was made taking into account 24-h free urinary cortisol values. For all the naïve patients, the starting dosage of 20 mg/die of dual-release hydrocortisone was maintained unchanged throughout the study.

Discussion
==========

The treatment for AI has undergone a major change since a new formulation of dual-release hydrocortisone has been developed. If the previous treatment, mainly based on the use of cortisone acetate or hydrocortisone, required repeated (two or three) daily administrations, the double-release formulation requires once-daily dosing, thus improving the compliance and allowing a more physiological mimicking of cortisol secretion circadian rhythm ([@bib11]). Indeed, the administration of glucocorticoids several times a day exposes patients to supraphysiological cortisol peaks, which affect the health status of patients with AI negatively. Therefore, dual-release hydrocortisone should reduce, at least in part, the limitations related to conventional glucocorticoid treatment: premature mortality ([@bib3]), high frequency of hospitalization for intercurrent illnesses, especially infections ([@bib3], [@bib12]), quality of life impairment ([@bib13]), poor glycometabolic control ([@bib6]) and decreased bone mineral density (BMD) ([@bib14]). Dual-release hydrocortisone maintains constant levels of cortisol during the 24-h avoiding overtreatment. Indeed, after oral intake, already after 20 min, there is an increase in serum cortisol levels, while the maximum concentration (188 nmol/L for 5 mg tablet and 403 nmol/L for 20 mg tablet) is reached after 40--50 min ([@bib15]). Moreover, even after 18--24 h after administration, plasma concentrations of cortisol appear to be higher than 50 nmol/L, without accumulation of the drug ([@bib15]).

Since the commercial introduction of dual-release hydrocortisone is relatively recent, very few studies have explored its efficacy. Johannsson and coworkers conducted a multicenter randomized controlled study on 64 patients with AI, with the aim of comparing the profile of serum cortisol exposure in patients under hydrocortisone replacement therapy administered 3 times/day, compared to patients treated with dual-release hydrocortisone once-daily for 3 months ([@bib11]). At the end of the 3 months, dual-release hydrocortisone mimicked the physiological circadian rhythm of cortisol secretion, confirming the results these authors had previously published in a phase 1 study ([@bib9]). Moreover, the authors also found a significant decrease in body weight, blood pressure and an improvement in glucose metabolism ([@bib11]).

Quinkler and coworkers conducted an open, prospective trial to compare dual-release hydrocortisone therapy with conventional hydrocortisone treatment on clinical parameters and quality of life ([@bib16]). The authors concluded that dual-release hydrocortisone administration decreased BMI and HbA1c compared with conventional treatment, and it stabilized health-related quality of life ([@bib16]).

More recently, Giordano and coworkers conducted a study on 19 patients with Addison's disease, previously treated with hydrocortisone 20 mg administered 3 times a day ([@bib17]). At the end of the observation period, the waist circumference of the patients was found to be significantly lower than that at the beginning of the treatment. HbA1c, total and LDL cholesterol after 12 months were statistically significant lower compared to the baseline ([@bib17]). Finally, ACTH values decreased significantly after 6 months of treatment ([@bib17]).

The present study for the first time analyzed the effects of dual-release hydrocortisone treatment also in patients naïve for therapy. Our results did not show statistically significant differences of the examined parameters after 12 months of treatment with dual-release hydrocortisone in both groups of patients, except for HbA1c, which was significantly lower in patients with primary AI. Moreover, in the group of subjects with hypopituitarism, the glycometabolic profile and the triglycerides blood levels appeared worse after 12 months of treatment with dual-release hydrocortisone. Biochemical indices are fundamental for monitoring glucocorticoid replacement therapy and its dosage adjustments, but the subjective well-being remains the main parameter to be evaluated in patients with AI. For this purpose, a questionnaire was developed to 'measure' the disease-related symptoms and the degree of interference of the latter in the every-day life of patients with AI. The use of these questionnaires is not unusual in endocrinology. Over the years, in fact, several questionnaires have been developed to measure the quality of life related to specific health conditions for some diseases (disease-specific health-related quality of life, HRQoL): GH deficiency (Assessment of Growth Hormone Deficiency in Adults, AGHDA) ([@bib18]), acromegaly (Acromegaly Quality of Life questionnaire, AcroQoL) and Cushing's syndrome (Cushing Quality of Life questionnaire, CushingQoL) ([@bib19]). Along the lines of the latter, in 2010 Løvås and collaborators created a specific HRQoL questionnaire for the evaluation of patients with Addison's disease and, more generally, AI replacement therapy (AddiQol) ([@bib20]). At first the questionnaire consisted of 36 questions, some adapted from other questionnaires and other of new formulation ([@bib20]). The questionnaire was then validated in 2012 ([@bib21]), and in its final form, the AddiQol questionnaire consists of 30 questions.

In the present study, we administered the AddiQol questionnaire to all patients before to be switched to dual-release hydrocortisone and after 3, 6, 9 and 12 months of treatment. All patients, even those who did not complain particular symptomatology during the previous treatment, reported an improvement in the clinical condition and subjective well-being after 3 months of treatment with the new formulation of hydrocortisone; this outcome was also maintained for the subsequent months. Furthermore, all patients have shown a good compliance to therapy.

As regard to possible adverse reactions and side effects, Nilsson and coworkers conducted a study on 64 patients with AI (other 16 individuals were added later), to evaluate long-term clinical safety (24 months) of treatment with dual-release hydrocortisone ([@bib22]). This study showed that within the first 3 months of treatment, the rate of adverse effects was similar among patients treated with the new formulation vs patients receiving hydrocortisone in three daily administrations (73.4% vs 65.6%), while it decreased in the subsequent months. In addition, although both groups of patients received an equivalent dose of hydrocortisone, the total exposure to cortisol was lower than the 19.4% in patients taking dual-release hydrocortisone compared to those who were treated with hydrocortisone in three daily doses. The authors concluded that long-term treatment with the new formulation of hydrocortisone appeared to be safe, well tolerated and effective, allowing even a slight reduction in body weight and without causing a deterioration of the pressure profile and glucose metabolism ([@bib22]). Accordingly, no patient enrolled in the present study reported adverse effects worthy of note, and there were no comorbidities during the period of observation.

Finally, it is important to say that no studies have evaluated the effects of dual-release hydrocortisone at a posology greater than 40 mg/day. Our study allowed us to observe how the dose of 40 mg/day was sufficient to obtain good clinical and biochemical compensation in patients for whom the equivalent dose of the drug exceeded this limit. In addition, after 12 months of treatment, the average daily dose of drug administered (25.9 ± 6.1 mg/day) appears to be significantly lower (*P* \< 0.05) compared to the initial dose (30 ± 7.07 mg/day) ([Table 3](#tbl3){ref-type="table"}). To our knowledge, currently, no other study in literature has reported similar data.

Conclusions
===========

Dual-release hydrocortisone represents a breakthrough in the replacement glucocorticoid treatment in patients with AI. The results of this study showed an improvement in the glycometabolic profile of patients with primary AI. Moreover, this formulation, taken once-daily, is effective in improving treatment compliance and subjective well-being of patients. Finally, we found no side effects or adverse reactions worthy of note; therefore, the product is also safe from the clinical point of view. In conclusion, dual-release hydrocortisone seems to be an effective and valuable therapeutic strategy for the treatment of patients with AI.
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